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Specification 



1. Title of the Invention 
Copper alloy for welded tube 

2 . Claims 

(1) Copper alloy for a welded tube consisting of 25 to 40 wt% of 
zinc, 0.005 to 0.070 wt% of phosphorus, 0.05 to 2.0 wt% of nickel, and 
0.05 to 1.0 wt% of tin, the balance consisting of copper and inevitable 
impurities . 

(2) Copper alloy for a welded tube consisting of 25 to 40 wt% of 
zinc, 0.005 to 0.070 wt% of phosphorus, 0.05 to 2.0 wt% of nickel, and 
0.05 to 1.0 wt% of tin, the balance consisting of copper and inevitable 
impurities, in which the crystal particle size is adjusted to 0.015 mm 
or smaller in the final annealing operation. 

3. Detailed Explanation of the Invention 

This invention relates to copper alloy for a welded tube having 
excellent corrosion resistance and weld cracking proofness at the welded 
part . 

In recent years, in thin copper alloy tubes, welded tubes which are 
formed by high-frequency resistance welding or high-frequency induction 
welding have been used. This trend is especially remarkable in tubes 
used in radiators. Conventionally, lock seam tubes are used in 
radiators. However, because of the requirements for a cost reduction and 
a production efficiency increase, welded tubes formed by high-frequency 
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resistance welding or high-frequency induction welding are being used. 
However, copper alloy welded tubes have a shortfall such that corrosion 
resistance of the welded part is significantly inferior compared to 
other parts because of the unusualness of its welded structure. 
Considering the worsening environmental conditions within which the 
tubes have been used in recent years, such a shortfall can significantly 
limit the usage of such copper alloy welded tubes. Furthermore, when a 
high-frequency induction welding technique or a high-frequency 
resistance welding technique is used in the manufacture of copper alloy 
welded tubes, weld cracking can easily occur. Under such a situation, 
materials having excellent corrosion resistance at the welded part and 
low susceptibility to weld cracking are in demand. 

As a result of research conducted under such a situation, there 
were developed copper alloy for a welded tube, in which corrosion 
resistance is improved, consisting of 25 to 40 wt% of zinc, 0.005 to 
0.070 wt% of phosphorus, 0.05 to 2.0 wt% of nickel, and 0.05 to 1.0 wt% 
of tin, the balance consisting of copper and inevitable impurities; and 
copper alloy for a welded tube, in which corrosion resistance is 
improved and weld cracking proofness is improved, consisting of 25 to 40 
wt% of zinc, 0.005 to 0.070 wt% of phosphorus, 0.05 to 2.0 wt% of 
nickel, and 0.05 to 1.0 wt% of tin, the balance consisting of copper and 
inevitable impurities, in which the crystal particle size is adjusted to 
0.015 mm or smaller in the final annealing operation. 

Regarding the alloy constituent in copper alloy for a welded tube, 
its action and the reasons for its limitation to an addition quantity, 
and the crystal particle size are explained. Copper and zinc are basic 
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constituents of the invented alloy. They are excellent in 
processability, mechanical strength, and thermal conductivity. If the 
zinc content is less than 25 wt%, the processability is worsened. If the 
zinc content exceeds 40 wt%, a deposit of (3 -phase appears in the copper- 
zinc alloy, and corrosion resistance and cold rolling processability are 
worsened. If the phosphorus content is less than 0.005 wt%, no 
improvement is made in its corrosion resistance. If the phosphorus 
content exceeds 0.070 wt%, although the corrosion resistance can be 
improved, signs of grain boundary corrosion are observed. If the nickel 
content is less than 0.05 wt%, there is no improvement in corrosion 
resistance of the welded part. If the nickel content exceeds 2.0 wt%, 
the effect of corrosion resistance improvement saturates. If the tin 
content is less than 0.05 wt%, there is no improvement in corrosion 
resistance of the welded part. If the nickel content exceeds 1.0 wt%, 
the effect of corrosion resistance improvement saturates. As explained 
above, corrosion resistance of the raw material is improved by the 
addition of phosphorus, and corrosion resistances of the raw material 
and the welded part are improved by the addition of nickel and tin. The 
reason for limiting the crystal particle size to 0.015 mm or lower is 
explained next. As a result of investigating the reason for weld 
cracking caused by high-frequency induction welding or high-frequency 
resistance welding, the inventors found that if the grain boundary is in 
contact with the molten base metal material, the grain boundary is 
embrittled, and when a slight impact is received, weld cracking occurs. 
As a result of investigating such a phenomenon, it was observed that the 
effect of the crystal particle size is large, and by making the crystal 
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particle size small, susceptibility to such a phenomenon can be 
significantly reduced. 

The crystal particle size is limited to 0.015 mm or smaller, 
because if the crystal particle size exceeds 0.015 mm, weld cracking 
easily occurs. 
Working Examples 

Alloys having the composition shown in Table 1 were melted, and 
were subjected to hot rolling and cold rolling with proper annealing to 
form 1 mm thick plates. Ultimately, they were subjected to annealing at 
various temperatures to adjust the crystal particle size to those shown 
in Table 1. These plates thus prepared were used in testing. Welding 
materials to be used in corrosion resistance test were manufactured by 
a butt TIG welding of 1 mm thick alloys whose composition is shown in 
Table 1. For the corrosion resistance test, a solution in which 

sodium bicarbonate 1.3 g/1 

sodium sulfate 1.5 g/1 

sodium chloride 1.6 g/1 

were dissolved in 1 1 of distilled water was held at a liquid 
temperature of 88°C, and air was introduced at a rate of 100 ml/minute. 
Test samples were immersed in this solution for 240 hours. The maximum 
dezincing corrosion depth generated at this time at the welded part was 
measured. With this measured value, the corrosion resistance was 
evaluated. Results are shown in Table 2. 

A test for resistance to the occurrence of weld cracking by the 
embrittlement of the grain boundary when in contact with the molten base 
metal material is performed by the following method. 1 mm thick alloys 
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having the composition shown in Table 1 were processed to a pipe shape 
as shown in Figure 1. This alloy pipe was then immersed in the molten 
metal of the same composition which was held at the melting point +50°C 
for 3 seconds. Thereafter, it was removed from the molten metal, and in 
the state at which the adhered metal was melted in the holding furnace, 
an impact was imposed as shown in Figure 2. The cross-sectional surface 
of the deformed pipe was observed with a microscope to confirm whether 
there was an intergranular fracture. Resistance to weld cracking was 
evaluated using this observed result. Results are shown in Table 3. 

From Table 2 and Table 3, it is known that the invented alloys have 
excellent corrosion resistance toward the dezincing corrosion of the 
welded part and weld cracking proof ness can be improved. 

In other words, in the comparison alloys (Tests No. 1 to 5) , the 
maximum dezincing corrosion depth was 347 fi to 603 /x at the welded part, 
while in the invented alloys (Tests No. 6 to 20) , the maximum dezincing 
corrosion depth was 48 \i to 104 \i at the welded part. It is known from 
these results that the invented alloys have far superior dezincing 
corrosion resistance. 

Furthermore, with the invented alloys in which the crystal particle 
size is 0.015 mm or smaller (Tests No. 7 to 11, 14, 18 to 20), there is 
only ductile deformation but no occurrence of cracking according to the 
weld cracking test method shown in Figure 2, indicating improvement in 
weld cracking proof ness. In contrast, an intergranular fracture occurs 
in those in which the crystal particle size exceeds 0.015 mm. Thus, they 
are undesirable. 

Therefore, the crystal particle size is adjusted depending on the 
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usage of the tubes . 

As described above, the invented alloys have excellent 
characteristics as copper alloy for a welded tube. 

TABLE 1 

(unit: wt%) 





Zn 


P 


Ni 


Sn 


Cu 


Crystal 
particle size 
(mm) 


Comparison alloy 1 


30 


- 


- 


- 


balance 


0.080 


2 


35 


- 


- 


- 


tt 


0.030 


3 


28 


0. 002 


0.01 


0.01 


it 


0.025 


4 


37 


0. 001 


0.03 


0.02 


it 


0.050 


5 


33 


0. 002 


0.02 


0.01 


ti 


0.040 


Invented alloy 6 


26 


0. 01 


0.1 


0.1 


tt 


0.030 


7 


30 


0.06 


1.0 


0.3 


tt 


0.015 


8 


35 


0.04 


0.3 


0.2 


tt 


0.005 


9 


33 


0. 02 


0.06 


0.07 


» 


0.010 


10 


30 


0.03 


0.8 


0.6 


it 


0.010 


11 


38 


0. 05 


1.3 


0.9 


it 


0.005 


12 


27 


0.01 


0.4 


0.2 


it 


0.025 


13 


32 


0. 02 


1.8 


0.5 


it 


0.050 


14 


35 


0. 05 


0.5 


0.2 


if 


0.005 


15 


30 


0.03 


0.1 


0.8 




0.030 


16 


36 


0.008 


0.6 


0.1 




0.020 


17 


33 


0. 04 


1.1 


0.06 


it 


0.050 


18 


28 


0. 02 


0.08 


0.3 


it 


0.010 


19 


31 


0. 03 


1.5 


0.9 


ii 


0.015 


20 


35 


0. 01 


0.7 


0.2 


it 


0.005 
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TABLE 2 







Maximum dezincing corrosion depth (/*) 






Welded part 


Comparison alloy 


- 1 


567 


ii 


2 


603 


■I 


3 


347 


ii 


4 


391 


ii 


5 


483 


Invented alloy 


6 


104 


ii 


7 


74 


ii 


8 


90 


ii 


9 


103 


ii 


10 


63 


ii 


11 


48 


H 


12 


92 


ii 


13 


49 


ii 


14 


72 


ii 


15 


68 


ii 


16 


99 


ii 


17 


65 


ii 


18 


100 


ii 


19 


55 


ii 


20 


83 
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TABLE 3 





Deformation state 


Comparison alloy 1 


intergranular fracture 


M 


2 


n 


11 


3 


ii 


11 


4 


ii 


11 


5 


ii 


Invented alloy 


6 


ii 


it 


7 


ductile deformation 


it 


8 


H 


it 


9 


ii 


ii 


10 


ii 


n 


11 


ii 


ti 


12 


intergranular fracture 


ii 


13 


ii 


it 


14 


ductile deformation 


it 


15 


intergranular fracture 


ii 


16 


II 


ii 


17 


II 


ii 


18 


due t i le def ormat ion 


ii 


19 


ii 


ii 


20 


ii 



4 . Brief Explanation of Drawings 

Figure 1 is a 1 mm thick alloy pipe cross-sectional diagram to be 
used in a weld cracking proof ness test. Figure 2 is an explanatory 
diagram showing a weld cracking proof ness test device. 
1: 1 mm thick alloy pipe (length: 10 mm) 
2: free falling body (weight: 200 gw) 
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3 : supporting state 

4 : heating holding furnace 

a: pipe inside diameter (0 20 mm) 

b: pipe outside diameter (<p 22 mm) 

c: falling distance of the falling body (2) (50 mm) 




Figure 1 
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Figure 2 
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